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The Learning in Science Project has adopted the view.
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~Zealand landforms (including scenes of the Tasman glac1er and Milford

R . Sg:ﬂiﬁ”ﬂglesiaied landform) and described what they 'saw. Questioning
IE— en directed toward eliciting their ideas concern1ng:processes

behind the two ‘glacier pheromena. Sample responses, are presented
related to such questions as: What is.a glacier? Do/glac1ers move?
What is the depth of glac1al ice? What is a moraine? How did Milford
Sound originate?. What is the nature of the water in\ Milford Sound?

-Responses indicate that the majority of students do\not realize that

glaciers are- .bodies of ice which have a tendency to\move and that
they are unaware of the major eros1ona1 propert1es assoc1ated wzth
glaciers, (JN)
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\ L The Science Education Research Unit at.the

.

University of Waikgto emerged from the research

. activity generated by the original Learning in
écienpe Project_(1§79~l982); The.aim.of the unit
is to facilitate and encourage Science Education |

Research.

“one of the most successful innovations of the

d

Learning in Science Project was thelprodugfion bf.
 Qorking papers whére?y research fihdings could be
shared with practising teacheré and curriculum
developers. This preéent sexies of papérs {the \
200 series) continues £hat tfadition for research
undertaken by members éf the Unit but which does -
not form paft of éhe Learning in Science Préject.
~We would welcome comment or information reiated
to the topic of this paper.

-
]

P

Roger Osborne - ¢

DIRECTOR, S.E.R.U."
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INTRODUCTION: - | .

+

. Teachers frequently encounter situations whereby students. seek to
rote-learn def1n1tlons and mechanical ’rules of procedure w1thout really

being able to relate their acqu1red words or rules to information that

- they already possess and understand. White (1981) has expressed this

succinctly:

*Maybe your students are dolng well at examlnatlons,
but do they really ‘understand the science concepts .
and principles you teach them? Recent application.

of new methods for probing understanding reveals that
apparent success in learning often masks gross
m1sunderstand1ng on a scale not previously 1maglned "

(pl)

A number of workers (Osborne and Gfibert, 1980; Gunstone et.al.
. g o _
1981, Gilbert et.al., 1981) have-demonstrated that many children and

adolescentshold ideas, concerning 'force “and 'motion' which tend to be

- far removed from the scientists view of Newtonlan phys1cs, e.g. heavier

objects are seen (by many learners) to fall faster than 11g,tef//bjects.

This is but ore way in which the learner’ may percelve and 1nterpret

“the world in light of h1s/her day to day experlences.

Other 1nvest1gatlons 1nto aspects of student (mls)understandlng, in

phys1cs, have been: conducted by Osborne, 1981; Stead, 1980(a) and Stead
/.

of chemistry (Happs, 1980 Schollum. 1981) and biology (Stead 1980(b) ;

and’ Osborne, 1981. Slmllar studies’have taken place with a focus on~areas

‘Stead, 1980(c)). Such research has led workers to predict that the ideas,

views and expectations that students have, prior to_formal instruction,

are quite likely. to lnfluence.later 1earn1ng.

. The Learnlng in SC1ence PrOJect (Freyberg, Osborne and Tasker, 1980)
has malntalned the view that sc1ence teach1ng, across all levels, mlght

be improved if teachers can be prov1ded w1th some 1ns1ghts into’ the beliefs
and ideas that children and adolescents take w1th them to. the learning '
env1ronment It shorld be stressed here that the Learning in Scieace
Project has not adopted an evaluat1ve stance, rather. §$ has used small-

scale, in- depth studies to probe conceptual 'd1ff1cultﬁes’ and to arrive

\\\\\\\at ._some..conclusions wn1ch can read11y be related to sc1ence teach1ng

-,
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////f//' Practising earth scientists and secondary teachers (see Happs, 1981(c))
have identified the topic ﬁlandformsﬂ asyhcing an important teaching area,
within the earth sciencesc and this topic is inoluded in sections 4 (leve: 4)
and 8 (1eve1 5) of the science:.Forms 1-4 Draft Syllabus. The relevant

extracts from this syllabus are shown in. Appendix A.

‘This inyestigation“oonsiders the topic 'landforms' and: looks at some
aspects of student understand@no of glaciation and its effects. Research
into students' prior knowledge and (mis)understanding, in areas within the
earth sciences, has already been undertaken {Moyle, 1980; Happs, 1981(a);

Happs, 1931(b)). This current paper w1ll hopefully, contribute further

to our understanding of learning d1ff1cu1t1es in the earth sciences.

An attefipt has been made to compare and contrast the views that learners
have, concerning the Tasﬁan glacier and Milford Sound, with those scientifically
acceptable views. In this way, it may be possible to arrive at some 'measure’

. of student understanding in this area, so that later teachino strategies
can be d1rected towards modlfylng, or adding to, the student's ex1st1ng

- body of k owledge.

. /“‘

THE EART -sCLENTISTS' VIEW OF GLACIATION

It will always prove useful and appropriate to consider the ways in
- which the earth scientist mlght 1ook at aspects of glaciation. This will
enable teachers to make some comparison between the s01ent1sts' views and
the views of children and adolescents. Comparisons, of this nature are = -
summarised within this paper. ) |

- WHAT IS GLACIATION?

o

The everyday term 'ice age' refers to periods of glaoial advance or
glaoiations.h The -glaciation theory (now unlversally accepted} suggest
that large 1oe sheets have, -in the past, covered 1arge areas of the Earth

;': ‘\' ~and that the present day ice-~caps of Greenland and Antarctica’ are merely
”the remalns of vast continental ‘ce- sheets.

hew Zealand has been s1gn1f1cant1y affected by past glac1atlon processes

w1th extens1ve glac1er ice modifying much of the South Island and marglnal

(perlgla01al) act1v1ty 1nf1uen01ng some parts of the North Jsland

o~

lThe glossary, in Appendix B, offers an explanation of those terms that. are
 commonly used by the earth scientist and which are pertinent to this paper.

i N
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WHEN HAVE ICE AGES OCCURRED?

Several cycles of glaciation are known to have taken placebworldwide
with at least three main glacial phases occurring durlng ‘the Quaternary
pericd (the last two million years) The last glac1al max1mum appears to
have climaxed approximately 20,000 years before present (B.P. ), and was

. finished by about’ 10-14,000 years ago.

. We are currently living in a wmild (interglacial) part of a glaciation
e cycle and, evidence suggests, that over’ the next 20,000 years glaciers and
- continental ice-sheets will return to New Zealand and other parts of the
world. Lontlnental glaciations are not common .events in Earth history, having '
occurred only, at times, dur1ng the Quaternary (two million years B.P. to
the present), Permian (280 mllllon to 230 mllllon years B.P. ), Carboniferous
(340 mllllon to 280 .million years B.P.), Ordov1c1an (500 million to 430

million years B.P.) and the Precambrian (more than 600 mllllon years B.p.)" L

. It would appear that the 'normal’ c11mate, for the bulk of time from -

the Cambrian (600 million to 500 mllllon\years B.P. ) to the present has

been milder, than the c11mate over the past. few mllllon years

/ WHAT CAUSES THESE 'RARE' GLACIAL CONDITIONS?

Because ice ages are such rare events in Earth h1story, it would appear
that they have been 'trlggered' by a. Spec1al comblnatlon of condltlons.
The cause of ice ages seems to stem from ‘the presence of a 1arge land mass
in a polar position, e. g, ‘Antarctica. The fluctuatlon from glacial- 1nterg1ac1a1
‘results from climatic change and there is, 11tt1e doubt that a relat1ve1y s11ght
decline in present day average annual temperatures, over 1arge areas of’ earth
would lead to a return of glac1atlon.\ The overall average annual temperature
differential between a 'normal' and a glacial c11mate is only approximately
16°C and a fall of 4-5°C from the present global mean annual temperature

- conld lead to the onset of - cont1nental glac1atlon

' Many,hypotheses have been proposed to‘explain glaciations and these include:
X S . : A N
. , : SN

: (i) - Terrestrial influence: e.g. volcanic dust- chang1ng land and oceanic

-

yareas, which-affect ocean currents; changing heat flow from the Earth,/'
mountain bu11d1ng, which affects atmospherlc c1rculatlon- cﬁanglng ' /
/

- Co ‘ absorptlon of the Earth's atmosphere. ’ ;

(ii) Astronomlcal influence: e. g. changes 1n solar radlatlon, Varlatlons in

the eccentr1c1ty ‘of the earth's orblt- changes in dens1ty of hydrogen

gas 1n space, through wh1ch the solar system is travelllng

IR T
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WHAT IS A GIACIER?

;

'A;glaoier.is a body of ice which is essentially made up of recrystallised
snow: - All glaciers have their origin as’ snow and it is the change from
'fluff&' white snow to dense blue ice uhich occurs in the high snowfields.
Drillholes in these snowflelds will reveal a succession of layers of_increasing
density as the overBurden of snow squeezes out trapped alr until clear ice

is forhed. o L

There are four kinds of glaciers: 3

\
|

(i) Cirque Glaciers: These are very small/glaciers which occupy hollow,

armchair-shaped recesses high in a mountain.. Such recesses are caused:

by physical weathering and erosion.
.o i e ©
(ii) Valley'Glaciers-’ These are glaciers whlch flow downward to occupy a

S

valley. They may vary in gize from no more than a few hectares, to -

b

large tongue—llke,masses, many tens of kilometres in length.

- {

(iii)Piedmont Glaciers; These élaciers are found in lowland-areas at the

basé of a mountain. They are formed by the coalescence of oné or more

valley glaciers. _

(iv) Ice Sheets: These are vast glaciers} usually 2-3 km. thick, which can

blanket a large land surface: ' o . , /

ARE THERE ‘MANY GLACIERS IN NEW ZEALAND7

' Most New Zealanders have heard of the more accessible glaciers such as.
‘the Tasman, Fox and: Franz Josef but few people reallse that there are over
one hundred glac1ers ‘in 'the Mount Aspiring National Park alone Over one-
third of the Mount Cook - Natlonal Park is made up of permanent snow and gla01al‘m
ice and more than s1xty named glac1ers are to be found in the Westland
National Park. Other 'active' gla01ers are to be located in the Wa1makar1r1

watershed within the Arthur s Pass Natlonal Park No gla01ers,exlst in the

_ North Island. of New Zealand

WHAT SORT OF GLACIER IS THE TASMAN - GLACIER?

Iocated w1th1n the Mount Cook Natlonal Park, the’Tacman glacier typifies

a valley ‘glacier which-originates from a mountain snowfleld to flow down through

a valley. Th1s glac1er once covered an area far beyond its present.boundarles.

The Franz Josef gla01er is another example of a valley glacier.

-
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. lateral moraines and,
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DO _GLACIERS MOVE?

When snow ig compacted to form 'ice in a mountaln top deprevnion,
it will accumulate as preclpltatlon continues at high altitude. This

accumulatlon of ice continues until it overflows. The movement of ice

(flow) occurs because of ‘the gravitational force on the glacial mass which

results in sliding of the whole body  (on a wet base), "as well as Creep,

i.e. slipping within the ice crystals themselves.

.

Glac1ers are sehsitive 1nd1cators of climatic change and glac1er

recession has been taking place, worldwide, over the last 200 years.

WHAT IS THE RATE OF GLACIER FLOW?

.

The rate of movement varies from one glacier to the next. The rate.

also varies from one section of a glacier to another, it being faster in the

¢entre than along the side. Glaciers are likely to move faster when the

valley, which they occupy, becomes narrower.

Da11y advances of almost two metres have been measured for the Franz . !

Josef 'glacier whilst the Tasman glacier is moving at a rate of approx1mately :
60 ‘centimetres per day. -

WHAT IS THE DEPTH OF GLACIAL ICE?

Ice thickness will vary from glacier to glacier and also depends on

where the depth is measured in a particular glacier. However, a consideration

of the way in which glaciers have occupled and re-shaped exxstlng valleys

will indicate the great volume of 1ce involved. =& depth of approximately

700 metres has been recorded in the Tasman glacier ice withithe Franz Jose £
glac1er having gained up to 120 metres of ice depth at the terminal face.

4

!‘

WHAT IS MORAINE? |

i / i
| 7 \
. 4 |
Glaciers represent tremendous weatherlng and. eros1ve forces which break

up rock fragments and transport this rock waste in the form of moraine. This

material is moved from the upper valley ‘regions to the lower _slopes where it

is déposited, along with other material derived from intense phys1cal

' ’

weatherlng processes above the glacier.

Moraine consists of a range of materlal sizes, from flne wind~blown
deposits to .large rock slabs weighing thousands of tonnes. On a single glacier,
mora1nes tend to form 11nes of debris along each side. These depos1ts are called
if two glac1ers bearlng lateral moraines meet and coalesce,

the lateral mora1nes from .the two margins result in a moraine in the middle

‘of the glac1er. ' " a ' )




" HOW IS MILFORD SOUND CONNECTED WITH GLACIATION?

“6"‘ Lo . RN - ": B I ; .
~_w50m«t* of the moraine will eventually reach the front of the glacier where
it is dep051tcd as terminal moraine. Such a deposit marks the glaciers

farthest advance,

L)

Much of the moraine will be reworked and re-deposited by rivers associated
with the glaciers. 1In this way, the material forms outwash fans and plains,
e.g. Canterbury Plains, with the wind transporting and . depositing much of

the finer material.

" WHAT IS A CREVASSE?

This is a fissure in the glacial ice due to the influence of vxrxou*
strains. Where the glacier flow over an abruptly steepening siope the apper
ice 1s sub;ected to tension and resultb in deep, gaping cracks which _ar

be up to 50 metres deep.

Any visitor to the Fiordland National Park, where'Miiford Sound 15
located, will witness very steep mountains and| narrow valleys. This topography
has resulted from recent geological processes which have led to the uplet
of rountain ranges and intense glaciation durang the last two mllllon years.

At least three main phases of glaciation have been recognised in this area

"and each phase is likely to have further modified the landscape, proqucxng

deepar valleys and - 'sharper' ridges. . All the main valleys, in Fiordiand,

" were occupied by large glaciers which reached the coast in the west..

.valleys are usually cut before the glaciers form. " Glaciers, unlike
rivers, do not cut their own valley, rather thej tend to occupy and modify
them. A particularly wellnknown characteristic of a glaciated valle& is

its U-shaped steepened valley walls.

2

The cutting actloﬁ of glac1ers tends to modlfy eyxstlng valleys,

© carving them out well below sea-level to give the lakes and fiords. '

WHAT IS A FIORD?

. Milford Sound is an example of a fiord. These are long deep marine

bays, having steep high walls #long a mountainous coast. Fiords are typically”

’ found in Alaska, Norway and Fiordiand. These features are glac1ated troughs

which have been partly submerged by the sea and result from glac1a1 erosion "g'
to a depth of at least 300 metres. The actual depth . of fiords result from:

(1) glacial erosion‘beiow sea-level; 1(J : X f .
{ii) rise in sea-level, following a glaciation;q - L

(111)Sub51dence of the Earth s crust at that area o S i




Glacial erosion is likely to have the hont pronbuncod effect
on fiord development since sea-level is not a basc-line for glaciers
which_enter the sea. " Unlike rivers, glacial ice can continue to erode
i€s bed to a great depth and a 300 mekre thickness of glacier ice is
ccapable of bed erosion until it jzﬂéubmerged to a depth of 2790 mctresu
At this poiﬁt the glacier, beiﬁé 1e§ﬁ dense than water, will float.
Moreover, during glaciations, sea-~level may drop by 120-140 metres below

present levels due to the build-up of ice sheets.

The Cleddau glacier, which disappeéred several thousand years B.pP.,
most probably filled the Mil . Yalley to a great d&pth, nroding the
valley to a point well below the sea-level. This formed Milford Sound.
Glacial excavation reached a depth of approximately 400 metres close to

- the rock known as “The Lion". The well-known form of Mitre peak has been
i carved and modi £ied by tii/;;;} Milford gla%ier and, in part;'by a large

1
glacier which moved down Sinb4d Valley to link up with the main ice flow.

JTHE INVESTIGATION:

/ / . | - ' 2
S Thirty seven students (6% Fl, 5 x F2, S x F3, 6 x F4, 4 x F5, 6 x Fb .
/ : ’ ’
// -5 x F73) from seven co~-educational schools, were individually interviewed.4
y : g 1€
i Each student was chosen for interview by his/her teacher who was reguested

~ . : . Ces s 5
to select students who were considered to be of “average scientific ability".,
Not all students from any one level, in Ehis ihvestigation, were:
interviewed at the same school. 'In this way the student samples, across

each age range, were kept as heterogeneous as possible, - : .]

ZForm 6 students took the folmpwing subject options:
‘601 = maths, physics, chemistry, biology, English. . ,
-6Q2 = maths, physics, chemistry, technical drawing, English.
603 = maths, applied maths, physics, chemistry, English.
604 = maths, biology, chemistry, accounting,” English.
605(g) = maths, physics, biology, geography, English.

i

. 606 = maths, biology, typing, accounting, English,
— ‘3Form'7 students took the following-subject options:
701 = maths, physics, chemistry, biology, English.

702 = maths, applied maths, physics, chemistry, English.t
703 = maths, applied maths, physics,. chemistry, English. .

i

704(g) = biology, history, geography, English. ‘ 1
705(g) = maths, applied maths, physics, geography, accounting.
o . . B . \. .

%F1 - F7 = Forms 1 - 7, i.e. (11 - 17 year olds) .
A . : ! . ‘ o ‘ o Ty .
SThe investigator considered that students were generally average to

slightly above average ability in most instances. ,




Each interview hnd a duration of ngwaximata!y 30-4% mipules during
which time the studnnt was shown a number of 2§ cm % 20.cm colonred photo-
graphs of various "well-known® landforms, loc$tnd within Hew Zoaland.,

"wo of these photographs weré of the Tasman qlacicr‘and Milford Sound,
Thes: geenes b(:inr.:y representative of both pxw.vutuuy tact Pve! glacistion
and a resultant glaciated landform.,  Only these two Jand forme axll b

discusand within the scope of this papdr.

Students were asked to describe cach laﬁdform in turn and to identily
the feature if possible. Questioning was then focussed un the students’
ideas which they miqht;{f hold about the ‘prmﬁcz::;..:i:‘ Bebiind the phenomena of
both glacier and qlacfated tandform., It was cmphasiard that what wan
réquired was cach ,Ludvnt' personal thoughts and 1 .cas® ahout the seones

and that there would be little importance placed on whether their responses
14 n o

were scientifically'correct’ or not.

’

.Bach intecrview, was held in an informal and non-threatoning ateonphere
throughout, with students being inform:d of the purpsse behind the intervicos

and the desirability of using a tape-recorder. K

A nurber of cards were shown to students at the end of the discussion
;- . : 6 .
phase. A stimulus word was written on cach card so that students could
/o ’
ho given the opportunity to provide information, in addition to that given

/ when dxdcuunxonvcéntred around the photographs.

f

/ RECOGNITION OF THE TASMAN GLACIER ‘

! ‘ . .
’/ It was anticipated that few (if any} students would be successful in
> identifying the . Tasman glacief by name because of the similarity in
appearance of many glac;er " Furthermore the quovtion D you rvchh{ge
that scene?” is likely to be experance~sp@cx€1c since not many students
would havo witnessed that particular qlavxcr “first-hand. nor have seen

many aerial photographs of the same.

Gnly three studcht4 (1. x F4, 2 x F6! were able to identify the scene
as being the Tasmap glacier, although a further twelve students (1 x Fl,
1 % F2, 1 X Fé4, 1 xF5, 3 x F6, 5 x F7) corrﬂctly zdnﬁtzfxed the fcaturzre

as being a glacier, without being able to ieae it.

6 . . B P L,
Words which were pertinent (o this investiaation, ctc,

~
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g togra i uas'representlng a’ glac1er,
_students were prepaxed to etate what they consldered 1t to be'“~

ﬁv” "A road covered ln snow and/or 1de "V (3% FI 2 % F2 2 x F3 ﬁ?;

S e T . 3 %P4, 2x~p5 1 x Fey¥
'L"A frozen rlver."' (2 x Fl 1 x F2 1x F3)

'_\-"Snow and/or 1ce on ‘a. hlllslde.“.ﬁ(l X F2 l x F3)

Someflnd1v16ua1 1deas were: R T - o
LT .

"_"Aﬁsa;t river,".»(302)”_
","An;aQalanehe;ﬁf.(402)s

A lava flow.* (5033"_” .

L

Those students who were not able to identify the glac1er, by name,

wern later told whaL the scene was and thnxname of the glac1er glven.

o Flve students (3 x Fl 2 X F3) clalmed they had never hgard of the
o T&sman giac;er whxlst only two students (2 x F1) were it

\awhre of the

WHAT IS A GLACIER?“\

*hAlthough the vast. majorlty of c't\;\dents reCanlSed the term 91301er'

fthelr deflnltxbns were quite varled and generally s1mp11st1c Dlscuss10n

wuﬁ was centred around the photograph of the Tasman glac1er and later 1n the'

T 1nterv1ew, by means of the stlmulus-words " Some responses to the questlon

"what 15 a glac1er to you ~in yaur meanlng ‘of the woxd?" were-»*

v

_'"A wholn 1ot of 1ce " (1 x F2, 1 x F3, 3 X F4 1 x F5)

s "Movxng lce.“ (1 x FS 2 x F6, 2 x F7)

S

"Ice comlng dcwn a mountaln.“' (2 x F2y lux'r4,?1tx F5, 2 x F6)

Tl Some explanatlons were not sQ accurate-

SRR

."A frozen rlver " (3 X F1, 1. X FQl ; | ‘.' L | . | ' .
I :'“Samethlng to do Wlth 1ce “h“(i*x.FZ;"i\xwg3) ;
' V‘JSnow onNa mountaln "5 (305) o j
ifgx;“::{_‘ j:;’::"Movxng roch‘withvise'onttbp'"“ (502) »
:.’ ‘5>:;"f | "A thxng of .ice that. has come out of the sea..”iktdt);f




Seven\students (L x\F2 1 x F4, |2 X F6 3 % F7) were able to prov1de

responses whrch were a 11ttie‘m9re sc1ent1f1c'
- ' _"A blg cut 1n the ground - the ice has f111ed it.up."  (202)

Reference was made to ice. mov1ng dowg a mountaln, by six students
(2 x F2, 1 x F4, 1 X F5 "2 x F6) -
-J "It s (a glac1er) a whole lot of moving ice that

moves because it's so heavy that 1t just flows
down a mountain." »

-

. "where does it come from 1n the f1rst place?" -

J "From the top of mountalns. (501)

"What does that word glac1er mean to you°"

H "sort of - a sheet of ice that's running down
a mountain - and it's gradually turning into
water’ at the bottom." (606)
Four students (L x F4 1x F6, 2 x.F7) indicated that a glacier,

such as the Tasman glacler, is 11ke1y to occupy a valley:

I "what do you understand by that‘term ‘glacier'?"

C "Well - a frozen ice mass down a - umm - a mountain
va11ey -~ which moves or recedes - dependlng on the
temperature - what have you." (703) :

: oy ,
"A valley with a whole lot of ice." (402)

Three students (2 x F6, 1 x F7) felt that glaciers were responsible

for cuttlng the valleys they occupy: ' S \

"1t (glacier) cuts away the - when it's finally go

. you can see a valley - you know - what is left." (601)
I - "Now this word,'glacierf - what does that word mean
to you?"

A "Well to me it .means that ‘there's a - at one time
" there's been a - a large amount of ice which has

gradually been pushlng the rock - gouglng "its way

through the mountains. (605(g))

i
/

Two students/L2 X F6) made reference to the shape of the valley after

»
its occupatlon by a glac1er

T "You can see a valley you know — when it's 1eft "

.~

I-""How would you recognise these valleys?"

T "They are either V—shaped or U—shaped - I don't know." (601)

"It's (glac1er) ground a 1ot of rocks into a fine pulp

\\\\\\\\\\\;\\ ‘and’it's left a large U-shaped valley." (605(g))




- 4

DO GLACIERS MOVE? - | .
The mass of ice was seen to be mov1ng in some way, by 26 ‘students
(3 x Fl /4 X F2, 5 x' F4, 3 x F5, 6 x F6, 5 x F7). DR

The situation was well percelved by one of the younger students:

"It s (glac1er) sort of a lot of ice that's moved
over centuries - slipped’ slowly ~ and sometimes they
retract and can leave lakes. (106)

~

also,

"I suppose it's just a fléw of ice." (504)

Nine students (3 X Fl, 2 x F2, 2 x F4, 2 x F6) likened the glacier -

movement to a stream on a mounta1ns1de i.e. one-way flow down to~ the base.

. The idea of a frozen r1ver was stated expllcltly.
"It's (glac1er) a frozen river and there s lots
-~ of ice around and I thihk the water might move
underneath it." (101) _

I "Tell me more. about a glac1er "

A "All I know is that it moves_ slowly like a
river - but ice.™-.___ -

"Where does the ice come from =~ .do you think?"

—

-"The water comes down the slopes - it's so cold it.
- freezes. (406) I

o=

Five students (2 x F2, 2 x F4, 1 x F5) considered that the glacier !
movement would be largely determined by whether, or, not snow fell d1rectly
on to the glacier. Conversely, the glacier was seen to gét smaller in

hot weather:

"Down the bottom - in sort of hot weather 1t .
all breaks off. That' s how it goes way back." (201)

"In summer-it-(glaoier) melts." (403)

I

The idea of a glacier s1mply sllpplng down a mounta1ns1de was put

forward by one student (1 x F4).

=

S "It (glacier) sort of keeps slipping.".
I "Keeps slipping?' Which way."
S "It keeps coming down lower.,' (404)_ f"
One student (1 x F5) thought that the glacial ice did not move itself,

rather it was carried along on a section of moving land:

"It's (glacier) a moving piece of.land with snow and
rock and all that - it's all moving." (504)

15
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Five students (5 x F3) falled to see the possibility of any movement
o T

from a glacier
I "Do you think that’é (glacier) moving?"
(302) ;| 7
4 " and

L

; "it doesnf‘t loock to be."
The notion of glaciers hévinglbeen-formed durlng "an ice age

\ . .
surv1v1ng up to today, was mentioned by one student (l x F2):

This "ice age™ was confused with that period of geological time which

"It (glacier) mlght have formed in the -ice age.
‘ /
followed the extinction of dinoéaurs (this latter period was approximately

(202)

60 million,years‘B.P )
"The ice age was that age after the.- age of dinosaurs

Ten studénts (2 x F5,-4 x F6, 4 x F7) were able to discuss possible
These fell into four categories and

e fiechanisms for glacier movement
'scientific' insight

revealed some good

(i) Gravitational Control (1 X F6) ‘
"I "what causes them (glaciers) to-move -.do you think?"
R "I think it's just gravity." (604) C ,
‘ 4 . o !
.\ . v . . P . 8 ‘v ,"
Voo (i) ‘Pressure' of Snow and Ice on Mountain: (1 x F5, 1 x F6, 1 x F7) ;i
- - . : ;
T ‘I "what causes it (glacier) to move?" 4 : '%
h » T mpressure from further back - you know - more.lce. - (601) i
(iii)Base of Glacier Liqu1f1es (l x F6) ' . /
o . o
"The welght of the snow on top is - umm - what does it : S
i T do? - The pressure on the top makes\the lower stuff o
il ' ’ liquid - slightly liquid and they flow forward." (603)
' ' L i
: ‘ o v .
. -
(iv) Climatic Control (l b'4 F6, 4 x F7) oL ‘\1
N \ . -~
} "Well - frozen ice mass’den a mountain valley -:which / ‘
4 - moves or recedes dependlng on the temperature and - )
what have you."™ (703) o
:
3 x F7)

HAT IS THE DEPTH OF GLACIAL ICE?
), 3 x F3, 3 x F4, 2 x F5, 2 x F6,

Twenty students (3 x F1, 4 x F2,
stated either that they d1d not have any ideas about the depth of ice in
a glacier, or else they were not. prepared to estimate any depth '

18




a

Seventeen students felt conf1dent about maklng some est1mate of ice

eptn and ‘these ranged from "a few m1111metres" up to #200 - feet"

=

(i) Less than one Metre . ' ,
1l xF2, 1xF3, 2xF4, 1 xF5 1x F7)

i
|
Seven students (1 x Fl

elt that the glacial ice would not be very thick at all-

w_ "A few m1111metres."
" few mllllmetres - and then what would there be?"

W "There would be black rock © (502)

i
|
T
[
I ' - .
! "If we could land on there (glacier) with a:

{ aircraft - and 'drill down into the ice - how far
down do you think we'd go?" :

C "Oh - I don't know."

|

]

I

Z I "You couldn't say whether it was-a long way or

a short way or ..,?"
.

"Oh - it would be a short way, I~think."

|
|
| c
! - I "A few centimetres or a few metres - or ...? _
; C  "oh, ‘no = it would be about - a couple of feet." (701)
(ii)\ﬁetween 1-5 Metres: o -
‘ 1 The actual

_One student (1 x F6) made an estimate of a few metres.
depth of ice was not spec1f1ed and may have been outside this range of
1-5 metres _ ,
D "Not very (deep) - I don't think."

I "Not very°" ‘
"It would be pretty shallow: - I think there s a

|
| D
f river 'underneath it (glacier).
/
I "A few centimetres - a few metres - a. few hundred
o . ‘ metres - or 2"
D "No - a few metres." ,(602)

\

————

———

\

fiii)Between 5-10 metres:

1 x F7) plaged their
‘estimates in 'this range. » o / '
(402) '

Five students (1 x F1, 1 x F3, 1 x F4, .1"x F6,

"Twenty feet and then rock."

"Very deep I would think ~ umm - judglng from the one I've .
seen it's probably twenty~odd feet or someth1ng 11ke that." (702)



’

(iv) More than 10 metres: .

Two students (1 x Fi,blhx F6) considered that the glacier ice-would-

' exceed ten-metres.in depth: ,

I

"If we could jump out of our aircraft with a drill -

R -

and drill down into that ice - what depth do you
think we would go through the ice?. Any ideas on that?
"oh, about fifty feet." ' ' :

"And then what would we hit?"

"Probably just rock." (106)

"How aeep do you think the ice would be?"

"Oh -\I don't know really - umm - it would.be about -
"umm - about a hundred feet or so.™ ’ ,
"Then what would there be?" / A B T
"Probybly just ash or rock Or_sométhing." (604)

. A\ ) o
Two students (1\x F5, 1 x F6) were not prepared to quantify their

estimates of ice deptﬁ\glthohgh they expreéseq a belief that'glaciers are

not 'shallow phenomena'. -~

-
‘e

Q

i "Quite a way." (504) -

"Pretty deep." - (601)

'l

WHAT IS MORAINE? R . .
' to ascertain .

A search was made.for an understanding of -the term 'moraine

e

_whether, or not, students saw moraine as an impdrtant glacial depdsit.

Such deposits were pointed out on the phbtograph of the Tasman glacier,

in‘ordér to elicit a suitable responsé. Following the discussion of the

photograph, the word 'moraine' was presented on a card.

,  Twenty nine studénts (5 x F1, 5 x,F2, 5 x F3, 6 x F4, 3 x F5, 2 x F6,
'3 xjﬁ7) were unable to provide any sort of definition of the term 'moraine’.

—

One’ younger studé €

AN

\\ ‘eberyday‘worai

a dep

-

~ One, more experienced studenﬁ;(l"x F6) considered that moraine was .
: ‘ |

! . \ ' . . .
7¥5¢(¥tx F1l) confused the term 'moraine' with a more

e
. —

— .

%Ivve.heard of moraine pudding." (106)

it of another kindi
\"A deposit left by landslides:" (606) - ,

R i

\,L*Iig ;
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SlX students (1 x FS 3 x'F6 2 x Fl) were confldent that mora1ne

was left by glac1ers, These students were able to 1dent1fy moraine on

the photograph and comment about the word mora1ne'~

"Debrls and stuff that s been scraped off the . .
bottom of mountains and off the sides of mountains,”
by a gla01er " (704(q)) | L oS

3
A

WHAT IS A CREVASSE? - o .

The idea of crevasses on glaciers was explored by referr1ng students
to the crevasses that were visjble on the photocraph of the Tasman glac1er,
and’ by the presentation of a card/w1th the stimulus-word 'crevasse'

pr1nted on it.

Fourteen. students (4 x Fl, 2 x F2, 4 x 77, l? X F4, 2 x F5) had never
heard of the term creVasse'; whereas the rcmaJnlng students offered

the follow1ng categorles_of explanatlon-

"A 1arge hole" - no reference to ice. (103, 403) -
_"A hole in the ground." pzoz;‘zoq)

) . /’ . .
"GrooVes or channels in rock:. " (204, 501)

"Spllts in a mountain. "H/(701. 704(q))

“A hole or gap in a rock." (402, 406, 604) .

. _\\'
"Part of a volcano." (503)

Eleven students (1 x F1, 1x F3, 1 x F4, 5 x F6, 3 x F7) clearly
associated the term 'crevasse' with snow and/or ice ‘and most of these

D

students made scme reference to 'cracks' in the’glacier.

RECOGNITION OF MILFORD SOUND: o o " -

The photograph of Milford Sound 1nc1ud1ng Mitre Peak, \was 1mmed1ately
recognised by eleven students (1 xF3, 3 x F4 1 x F5 3 x F6 3 X F7)
It transplred that identification of the scene was possible because
these students ‘had e1ther visited the: area. or had seen other photographs.
Occas1ona11y an experience of a a more personal nature became/eV1dent
"I "What have you heard about it, (Mllford Sound) -
if anything?" - .
'L /"Dad's been down there on h1s boat ." f
."On his boat°"

L "Yes -~ he's a trawler skipper (302)

(N : ; .
N . . ” . .
. N , .
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gIn ‘one 1nstance the scene was recognised and then confused with

another area of the South Island.

\ T "Tell me about Milford Sound - what do you know about
© - Milford Sound?" By ,
.. D "Oh - it's Just where the ferr1es from the North Island'
to the South Island go. (50 : i
'Twentyithree Students (4 x F1, 5 x F2, 4 x F3, 2.x F4 3 x FS 3. x F6,
2 x F7) stated that they had heard of Milford Sound, ‘once the 1andform

nad been 1dent1f1ed by name for them. Fallure to recognlse Mllford Sound

- may have resulted in some cases, from the photograph having been taken
from a partlcular vantage point. Some students.may have been exposed to T

. v1ews of Mllford Sound and Mltre Peak that had” been obta1ned from dlfferent

1ocat;ons.
Three students (2 x F1, 1 x F4) claimed that they had never heard

of Milford Sound.

HOW DID MILFORD SOUND ORIGINATE9

Twenty students (4xFl le2 4xF3 3xF4 4xF5 2 x F6, 3 x F7) .
were unable to offer: any explanatlon as to how Mllford Sound mlght have
or1g1nated. The rema1n1ng seventeen students were prepared to offer a

var1ety of theor1es.

Six students (1 x Fl, 3 x F2, 1 x;F3 1 x F6) felt that Milford Sound

has remalned unchanged w1th time, hav1ng reta1ned its present form s1nce

the Earth was formed.

“"They've (mountalns and flords) probably been there
since the world started." (201)

Voicani .act1v1ty was of fered as a poss1b1e mechanism of formation

by f1ve students (1 x F1, 1'x F2 2 xF4, 1x F7). -

I ow has that (Mllford Sound) formed’" o ) -
S "Probably been volcanoes..‘ (402) '

. w1’ (formation of Milford Sound) could be by old
erupti ns‘or old volcanoes or something;" (701)

one student (1 x F7) made reference to "plate'theorf" as a contributing
factor in the development of Milford Sound. This idea was not enlarged
upon. A |

I' "Have you any ideas on how that part1cu1ar scene
was formed?" :

c "Well -~ I'd have to say it's somethlng to, do with
plate theory aga1n, but it's not somethlng I'm
‘too sure about. (703) 2L)




Milford Sound was connected w1th past glaciation by fiye Students.“
(1 x F4 3-x F6, 1 x F7) 'However, only ‘three of these (1 x F4, 2 X F6)
‘offered an explanatlon wh1ch included a glac1er reach1ng the coast and

extens1vely cuttlng down to. produce a deep valley.’ The term 'flord' was

/
not used by these students o

. v . / ;
"It's (Milford Sound" caused by these. glac1ers cutting -
away at the terrain." (601)- /
/

WHAT IS THE NATURE OF THE WATER IN MILFORD SOUND?

Attention was focused on the water ‘body.in Mllford Sound te ascertain
whether, or not, students reallsed that the sound d1d open out to the -
S
: . s : ‘
sea. . /
: / //
Fourteen students (l x F1, 2 x F2, 2 f F3, 3 x F4, 2 x F5, 3 x F6,

1 x F7) considered that the water was def1n1tely sea water. However, the

- reasons underly1ng this assumptlon var1ed vas shown:
- . -/

; ;o
i) The Sound is a- Natural Bay, Inlet]or Estuary :
/ . :

Flve _students (1 x F2, 1l xr4, X F5 l x F6, 1 x F7) saw Mllford J

Sound -as be1ng e1ther an 1nlet natural bay or estuary, hav1ng ho . llnks

with past glac1atlon

"It's an-inlet of the/sea." (502)

"More of an estuary/ / You've got all your fresh
water coming down from your mountains - m1x1ng w1th
all your sea water " (703)
. i . ‘ /
- /o
1i) Seabirds Suggest Seawater -

: - / : ‘
Two students (1 x F3, .1 x F5) diad not 1nd1cate that they knew, for
certa1n, that the body of water was from the sea. The presence of sea-
gulls,‘on the photograph 1nd1cated to them the poss1b1r1ty that they

‘mlght be looking at part of the sea.

L) ‘. / ’
I "Thls water here (p01nts to photograph) - what do
you think that is - sea or a river or a lake - or

; V%’)at')"

S /"sea." v
I "What makes you th1nk that?" o
"~ s "B1rds here. (P01nts to gulls on photograph). .(301)

-
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B 111) Dr1ftwood Suggests Seawater

-

fh@ne student (1 x F2) recogn1sed the presence of driftwood, from the
photograph and th1s suggested that the body of water might well be an

"gextens1on of the sea./'~3¢ '

I "And the water there (polnts to photograph) - do

.you think that's a river or: part of the sea or a ' .
- lake or - what°" . (R . . '

- L "It 1ooks 11kevpart of the sea." e - - 7
"what makes you thlnk that?"

L “Well - because the way - there s driftwood all over
the beach and that." (201)

iv) The Size'of the Water Body Suggests the Sea

The area of water, shown in the photograph led one student (1 x F1) .

to suggest that it might be the sea.

M I think that's sea.” ' : N “ b

I "why do you think that?" - . j*'f‘ .
_f\ N _ ; M "Because it's b1gger than a r1ver but 1t s ‘not bigger,
ﬂf \ , . - ;than an ocean. (105)
wv) Personal Experience a ,

One student (1 X F3) had been to Mllford Sound and th1s student's

father. had worked on a f1sh1ng boat which used the- Sound as a base ‘(see .

earlier quote in th1s respect)

o _ w I "This water here (polnts to photograph) - do you think
S ' that's a river or a lake or part of theisea - or ...2" Y \
' L "sea." -{302) o . '

4 . . . ! ." . »
s . - . . ~

‘e

\ vi) seen other 'Plctures' of Mllford Sound _ Co

One student (1 x F4) had seen other plctures/photographs of Mllford

" Sound. This past experlenoe led to instant recognition of the landform.

v B : . : i

*"It's Milford-Sound." - R o I _ﬂ
"Have you been there?" 3 .f,_ _,” _ L T ‘:Of

"No - I ve. seen it - I’ ve seen: p1cturesh - _ ‘ :

"I see - can. you tell me anyth1ng ‘about.: Mllford Sound?" . i

"It has: qu1te high mountalns around and there's - the" S ﬂ
sea going around here (points to photograph) around it."™ (402) .

S H ! o+

i




vii) GiaoierskKnown'to Have Reached the Sea at this Point in the.Past

Three students (1 x F4, 2_x F6) were aware that past gla01atlon had
contr1buted to the formatlon of Mllford Sound and that a glac1er had reached

the sea at this polnt

o "What do we see on the picture?"
"A.-fiord."

"a flord - what's a flord?“

O H v H

. "Well it's where the glacier has carved” out the‘
AR ‘ rock and that -.and it's got sea-level - and the _
' ‘ sea's come up into where it’s been carved'out.” (401)

[N r

I "and how was that view (Mllford Sound) -arrived at - how
" did that landform= develop’“ :

,"Glac1ers again."

'"Tell me about that "

' mg{ff W "They ve worn - they just keep on wearing below the
) o sea - they wore it out anyhow. These V—bottomed valleys_~-

no - U - flat - U-shaped . -valleys, sorry ~‘and I guess s
e1ther the sea was shallow or the mountains were - I.
think the sea would have been - at a time when the sea -
was at .a slower level and they would . have formed the
mountalns; like in the other picture, ‘formed the
valleys and’ ‘then the sea's come back in aga1n They
are quite deep, I know that." (603) ’ :

Nine students (1 x Fl, 2xF3, 1xF4, 2x F6 3 x F7) cons1dered I

the water body to be'a lake. The reasons for this response fell. into

w

three CategorlES.«i

i) A Complete,Guess o .

Seven students (1 xF1, 2 x F3 1x FS 1l x F6, 2.x F7)/were unable
“to” supply—any‘tnformatlon“about Mllford Sound other than 1ts approximate

"location. The presence of' a 1ake was gueased at ' - - “““'“w“»~wWw;;m_;;

l

"It's a lake - w;th ‘afew mountains in the background." - (101)

. T ‘ - _ R "It's just a lot of: mountalns - and qu1te a - uﬁm‘-tlot‘
' - " of water. Could be a lake or somethlng." (604)
. I

High Rainfall Ex’perie’nced

. Two students (1 x F4 1 x FS) had visited the Mllford Sound area and
had experienced- heavy rainfall dur1ng the1r stay in the area. - This may. - ‘
have led them to conclude that the water, shown -on the photograph,'represented'

R

a. 1ake

23
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I»‘"Tell me about Mllford Sound O

"I don't know much about it - it was raining when - § »
we went through there - we missed it - it was pour1ng '
down with rain and all the clouds were low. v

I “The water here (points.to photograph) - what ‘sort ‘
of water do you think that would-be - a freshwater | - - ¢
. lake or seawater or just a wide river or what ~ what | '
do you think?" : L

M "Fresh water." (504) I KR

X -
The ideas of a crater lake was'proposed by the following student.’ ‘ RN
! I "Tell me about- Mllford SOund dJ B .§

F "It's a whole lot of valleys which £ill wlth waLer

‘ , "This water here (points to photograph). is that a r1ver,3T'
' : ; or a lake or part of the sea - or what2" ST
F "It could be a blg lake." ’
"And hcw has that formed - do you think?"

F "Well, 1t s wet country - a lot of ralnfall - _5 \\\\_‘ ' o
it's probably a crater -~ it's a bit like that.” (403) L

-

111) A Gla01al Lake - - : : ‘ : ‘,‘f,‘. é

TWo students (1 % FG 1lx F7) were aware that gla01ation had 1nfluenced

\ the Mllford Sound area in the past and, these same- students, cons1dered ,
"that the water, w1th1n the ‘Sound, had been left there after a gla01er had fv3j o
melted ' : ' ' o f 7 HTXQ
© A ‘"Well 1t (the glacxer) would have retreated up both oo R
valleys , . - ;

I "To leave that lake\there?“ﬂ

A "Yes - it melted down." (605(g))

I k"Well - Just sort of "~ look1ng at that p otograph _§
© the water there — any 1deas on that - rxver, lake‘

-also

- sea. - whatever?" o
o - ,R . mGlacier - it left the water z it ¢ uld have melted , ’
;ffwslhh__Mr“wmm,ﬁm,rwmw“and_lt,couldnlt.get out. becausL ofrthls land (p01nts to .f.ﬂ.w- e
' ' ' photograph) "‘(704(G)) _ o o S

-

Four students (2 X Fl, T x F2 1x FS) ere 1ncllned towards the 1dea

‘ that the water, shown.ln the photograph re resented a r1ver 3 These'

f'students d1d not possess any knowledge co cernlng the evolutlon of Mllford ;

i

SOund and the1r conslderatlon of a rivey was based upon a v1sual 1nspectlon‘;

“1 of the photOgraph oy ',Q' ,/ » /‘",/v L ’ g

&3
-




_"I'can~seevafbig;Hill'onfboth sides:of tﬁe'riveriﬁ (104)
V"It.:'s a;wiae%tiver?‘-‘ _’1 think." (501)
v L . .- A . \ '

Three students (1 x Fl 1 X, F2 1 x F7) were not able to 1dent1£y the
body of water and made the following estxmates.

‘ "A lake or rxver." (103 203)

s

A lake or the sei " (701)

S’I’UDENTS' MEANING OF THE WORD 'FIORD' DR .

1 .
The word ‘flord' wag presented ‘on a card to each student at the end
of their interview. Thls exerclse enabled the 1nvestlgator to establlsh
whether, or not, Students held snlentlflcally acceptablé 1deas ab0ut a \‘ B
flord and also 1nd1cated some of the more ldxosyncratlc views that mlght \x' o x'f
be assoc1ated with the term. Furthermore, the use of such a stlmulusvword *\ \ |
_mlght lead to students recallrng other 1tems of 1nformat10n, concern1ng : :‘ﬁtrv{ﬂg

glacxers and the evolutlon of Mllford 4ound

seventeen students (5 X Fl 4 x F2 2 x F3 2 x Fa 2 x FS 1 * F6 ‘L x P?)f

'stated that they had not heaxd of the word 'flord' and they were not prepared

‘\,

to speculate as to lts meanlng. 5

Seven students (1 x Fl 1 x F3 2% F4 2 x FS, 1 x FG) thought that o

a fiord was an 1n1et that allowed the sea to come lnland The 1dea of the'

sea eatan away' at the land was mentloned as one mode of flord formatlon.‘ o

D "There's a 1ot of mountalns ‘and they' ve got Lnlets
in them -~ and you have them in swatzerland and
places 1like . that - Norway .;." =

I "Do we have them (flords) 1n New Zealand - do you L

.. . i

N D - "I don t thlnk so-~ no, I don't ‘think there are
i any of them here "

\.5‘ I ”How do you th*nk these Lnlets are formcd - any Ldeas *',3~
T - or have. they always been there?"'”’ T

D "Well the sea could have eaten away at. Lhe 1and and
L flnally found 1ts way 1n;"-f(305)

w e

"The 1dea of hldlng shlps 1n flOtdS, durlng “the war" was mentionedﬁ“ '

"That s. (fxord) an. 1n1et of water what they have in a*"dﬁi
'_,Sweden maxnly ~ and- they used them a dot dur1ng the
= war for’ hld:ng sh1ps.?_ (602)




Other 1dlosyncratic xdeas, concern'ng the naturn of a fxord, were

' expressed \ EEE A

- o

L "where steep rocks go into deep watef." v(7031
i "A struam.f. (702)

- ,'"Hzlls thh water 1n bﬂtueedrthem." (403)..
2 N . S
-"Swgmpy country. (302);;;
;'.:fﬁ “Water in between moﬁntainsﬂf {(604).‘~'3f" S TRty
Two students (1 % F3 1 x PYJ confused the Lerm 'fxotd‘ thh the

Cword ’ford’, i.e. a shallow place where a river may be cros sod by wading -

r.

‘.é’ -
N

or dr\vxng through icl

' "Is that where a rxver goe across ;

.  "A1l;;; means'to me;lsﬁgf athing that ‘a car gifa thtoﬁgh;" (705(9)).
‘7“4'?ive studenr (1 % Fd 3 x t X F7) weré able'to“eﬁp aip*tﬁéfQE

tetm 'f;ord"and 1Lnk 1t thh the ® " ;‘,Sﬂs of glaciation. ‘a{-”"‘

'13"It 'S (f;ord) where the glacier ~'&mm7-carved aut - 15; ,

carqu its way’. down the mounta;nsxae-and the glacicr

- reached: down: to ‘sea level .@nd ‘the sea's’ come in. TE

B happens over mxllxons of years."w (401) LT 'f':“u

Lhey are sounds - fxords and sounda are much the -
, formed. by glaciers. Yes, they are deep valleys
-_whnre the sea q‘come 1n over then agaxn.ﬁ (603)

v .7LEARNBRS'1 VIEWS COHPARED WITH SCIENTISTS’ VIEhS

Resulto Erom th;s 1nvestzgation, Lndxcate that the majormty of st:udent*w
, have at lea t heard of glacxers and thelr abxlity to. move. Very Eew students

vihad actually seen a glac;er and, it might be exnected, that an acrial Vide'

: f;of a glacxer wxll not be readily 1dentified by students who havc ‘not wltnegscdf;'

| nglaciers farst-hand from such A vantage poxnt . : -

i Mosh 1earners wexe auare that glacxers are large bodies of ice yet the ;

‘fF?often considerable depth of ice and the erosional importaﬁce of glaciers

.;;Wﬂ“ largely unappxeciated.v

’j"-'son bﬁtwecn the learﬂEl‘S' VLEWS Of as’mgtt‘ Q’)f g].aciatlon, and

"fﬁlithosn held by scxantisrs, are summarised in Txble i'




[

. WHAT IS A
'GLACIER?

DOES A
© GLACIER
MOVE?

HOW DEEP

IS GLACIAL |

ICE? |

<

' WHAT 1S,

HMORAINE?

U WHAT IS A

CREVASSE?

LEARNERS'

g

' SCIENTISTS' VIEWS

A body of ice capable
of flOWing’ over ‘a.-- -

~ land surfacgé;,ﬂi-

' Ice accumulates at

head of glacier and
gravitational force
assists: ice body in
moving down 51ope-/

i

Glaciers contain -
great volumes of
_Ace'with depths of
“|-vseveral hundreq . | **

metres not uncommon -f

Rocklaébtié trans-
ported by glaciers
~ and re-deposited

. A‘deeplérack in the
- upper surface of
a glacier

LEARNERS' VIEWS.

.Majority view close

to scientists' view

i) Glacier seen'tbr
move (70%) _

ii) Action much like’
a river flowing
downhill o

i)} Deépth largely
unknown (54%) -

ii) Glacial ice is

~~relatively thin

Moraine largely

unknown (84%) W

i) “Term.annown by
38% of students -

ii) Holé'pr'gap = not

‘associated with
glacier (30%)
iii)cracks in glacier-
(3093

VIEWS CONTRASTEDiWITH SCIENTISTS' VIEWS

IDIOSYNCRATIC VIEWS

i) Frozen river,

ii) Moving rock with

ice on top

i) No movement .seen

ii) Rock moves’gzaﬁj.

carries ice along

. iii)Snow falls' directly

on glacier - causes
growth of glacier

iv) Movement- controlled
by air temperature

1) Few millimetres‘

dslN.de deposit
oy

i)- part of a volcano

[~

_rable 1




~+Only.a minority of students, who contributed to .this investigation,

realised that Milford Sound represents the end-product of past glacial

erosion. - It would appear that fiord. evolution and glacial activity were not

‘seen to be linked by a cause-effect mechanism.

The views that are held by children and adolescents, from this investigation,
concernlng Milford Sound are shown in Table 2. These views are compared with = .

the views that are 11ke1y to be held by s01ent1sts. T

*

N . .

LEARNERS' VIEWS CONTRASTED WITH SCIENTISTS' VIEWS

— .. SCIENTISTS' VIEWS o LEARNERS' VIEWS IDIOSYNCRATIC VIEWS
HOW. DID Glacier eroded an : i) no ideas1154%) i) "Something to do
" MILFORD existing valley below . : with 'plate theory'
Sounp - sea level i1)-Always there ‘ . L
ORIGINATE? L i . iii)Volcanic origin | *-
iv) Some_connection
with glaciation -
v ) (14%) ‘ -
> o
" - WHAT IS A glaciated trough i) 'No ideas (46%) }'i) River crossing
FIORD? | - erged ea : .. :
A FIORD subm rg .bx sea ) ii) Inlet which ii) Swamp country
. 1 - ' o o : allows sea to . )
enter land - . - -,
iii)similar to
.- ' scientists' .
views (14%) _ . e
:’:{\
L. Table 2
SUMMARY‘ \

/ e The respbnses, obtalned durlng the descrlbed 1nterv1ews, tend to suggest
- that the majorlty of these students do realise that glaciers are bodies of ice .
which have a tendency to move.LJHowever it would appear that, in general,
these children and adolestents do not'place glaciers within a perspective of ' .
fluctuatlng cllmate. ’Furthermore, there has been little evidence, from this

1nvestlgatlon, to 1nd1cate that learners are aware of the major eros1ona1

propertles, normally assoc1ated w1th glac1ers w
v," . ) R

fﬁi...'v It is apparent that this lack’ of apprec1atlon of the erosxve powers of

glac1ers has resulted in students” ‘not belng able to link glac1a1 activity w1th
the“evolutxon~of‘f10rds ande-shaped valleys whloh'ex1st,today, in those regions
: ‘p“o'.‘vfﬁhere“glaciers were onoe‘active;h: “”ﬂ ' '%_‘”‘ R R v.h;'p
P S ) PR o R . i
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APPENDIX A o

N

SECTION 4

AIM:

- Earth Science ™

.To 'introduce students to the"variety of landforms, rocks and soils;

and through an investigation of their formatlon emphas1se the1r
changing nature. To involve students 1n outdoor. observatlons and
in a var1ety of communicative skills.

-

-

After completing this section, a student should be able to:

using a hand lens.

: Attitudes . '.[‘

'1nvest1gatlons and readlng.

Content

" Identify the major landforms in his local area.

Explain how these landforms may'have been formedp

Describe the agencies of change actlng on these 1andforms 1nc1ud1ng
not only such agenc1es as volcanlsm, earthquake water, w1nd ice,

etc., but also Man and his machinery.

Explain'the three major ways in which rocks are formed.

Describe how different rock types give r1se to different k1nds of soll

DlSCUSS how differences in landforms, rocks and solls 1nf1uence R

Man's use ‘of an area. -

A

Skills

Read simple geological and topographical maps of the local area.

Classify rocks in various ways, e.qg. structure, hardness, colour. :
4 N -

Observe and descr1be the character1st1cs of 1oca1 rocks and SOllS

~
v

Dig a soil profilezand infer how the layers may have been formed.

D [T

apprec1ate the changlng nature of the earth's surface and ‘the

1mportance of conservatroa practices. . ‘ ' . 6

Show a wiliingness to expand their~knowledge and interest in-landforms,

“rocks and s011s by cont1nu1ng the1r personal observatlons

P a

3 . i ' “




SECTION 8 ' Earth Science

AIM: ‘ ’ To extend the knowledge of landforms gained at levei 4 by considering
the earth's crust, ‘the 1éyered étructpre‘of the earth, itsPatmosphefe,
the dynamic nature of thelsurface layers and the geological history
~of New Zealénd. o B

-,

After completing this section, a student should be able to:.

Content

1l a Describe the plate theory of the earth's surface and discuss the

evidence supporting such a theory.

b Relate the pla;e'thebry to earthgquakes, mountain building, volcanic

. zones and major fault lines. : - S %
c Describe -the theory of continental drift and discuss the -evidence

supporting such a theory. -’

1

d Define a fossil and describe ways in which fossils may be formed. .
e - ' Outlinéifhé major features of New Zealand's geological history. .
> £ Describe the formation of fossil fuels ‘and discuss the importance

of their conserxrvation.:

-

g , Define a’mineral and discuss Man's use of minerals in New Zealand.
L skills , . Y
2 a - Produce charts, displayé, models or other descriptions'of‘the structure

of the earth's crust, its dynamic nature or the geological history®

of New Zealand.
b Group fossils, minerals and major rock types according to o

’ : characteristic features.

A . Attitudes
» 3 a Disélay a‘cohtinuing,intereSt in earth.science,'ip Man's increasing
knowledge of .the nature of histoxry of the earth's crust particularly:

- inlthe South Pacific and in Man's “use and cdnservation of his .

.environment. o~

ﬁi;;lff_'_ ‘l  N | Q;'-~_‘f :: : :- _. ’ -  'u; ‘1:3{);
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/ : APPENDIX B . ~ GLOSSARY OF TERMS

'/‘_ ‘ CARBONIFEROUS: That period of geologic time which extended, approx1mately,
/ ’ ‘ ‘ " from 340 mllllon years to 280 mllllon years B.P.
"CIRQUE: - A steep—walled niche with the form of a half-bowl. Cirques

are located in mountainsides and are developed by the action

- of frost wedg1ng and glacial plucklng.

) CREVASSE: B deep crack, located in the upper surface of a glacier.
EROSION: The process of removal of weathered material from one site

'to another.

e

FIORD: ) A‘glaciated“trough which has become partly submerged by the sea.
GLACIATION: - The change of land surface by means of the movement of

glacier ice.

" GLACIER: A body of ice which comprlses recrystalllsed snow which

is able to flow over a land surface.
<

v

ICE AGE: . . -~ A period of geologic time during which glaciations reach a peak. *
ICE SHEET: /A mass of ice whlch -covers—a- 1arge area of land and sea, _ T

to a con51derable depth.

INTERGLACIAL: JThe period of time between successive glacial advances.

T - ’ ) X
LATERAL MORAINE A rldge formed by mora1ne which has been dep051ted at the

- ;: ‘ side of a valley glac1er.

P

MEDIAL MORAINE - Moraine which is transported-on the middle section of a
- o : glacier. Such moraine is formed by the coa1e501ng of: ad3acent~#—~

/
/
/

s . - lateral mora1nes, when two valley gla01ers merge. .
S ._/ﬂ MORAINE - Weathered rock debris that is transported by glac1al actlon S
1// , - and dep051ted at a new site. -
/ ~ o, L. : . L .
/ - . - NEVE ' " The area of perennial snow at the head of a glacier.
Lo PERIGLACIAL The conditions and processes which exist at the margins

; of glaciers'and'ice_sheets,




PIEDMONT A gig;:;:,found at the base of & mountain and 'fed' by at -

~ GLACIER least one valley glacier. B

<
.

PRECAMBRIA That period of geologic time which extended, beyond 600
. . . . 3
million years B.P.
QUATERNARY - That period of éeologic time which extended, approximately,

from two million years B.P. to the preéent."
-~

. . . -

TERMINAL FACE The lower margin, or snout, of a glacier.

VALLEY GLACIER. A glacier that flows downward throﬁgh a valley.

WATERSHED A drainage basin.
WEATHERING The breakdown of rock material by physical, chemical and

bidld&ical action.

5

Y
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